This paper presents an optimization of GPR mixture model based on the measurements and simulation results at frequency range of 1.7-2.6 GHz. The purpose is to get a most accurate relationship between attenuation and density for various road pavements densities. The proposed method is simple, fast, nondestructive and accurate way to determine the density of road pavement. Density is a one of the important parameter in order to determine the compressive strength of road pavement. In laboratory, a few of received signal strength and measured attenuation for nine road pavement slab samples were taken at four different frequencies. The GPR mixture model has been used to produce the predicted attenuation due to the pavement density. The calculation and selection of mixture model has been discussed thoroughly and only the best performance of GPR mixture model was selected for optimization.
INTRODUCTION
Road condition assessment and monitoring using conventional methods are labour intensive, slow and expensive [1] . Thus, more efficient and automated methodology for pavement inspection is needed to identify the cause of existing problems and define optimal strategies for repair and rehabilitation [2] . Furthermore, this will ensure the safety of the use of road as well as maintaining the quality [3] .
The known pavement density measurements are coring sample method [4] , nuclear-sourced device [5] and rolled density gauge [6] . All these approaches were widely used for this purpose but these techniques are found to have drawbacks and limitations. Thus, it is important to find a more efficient and automated methodology to overcome these limitations. In this work, microwave technique based on GPR technology is being introduced to measure the density of the road pavement. Using this method, it takes shorter time and more efficient compared to other conventional methods. The measurement can be done using free space technique or in other words, sampling and detecting are non-destructive.
The main objective of this project is to estimate and evaluate road pavement density using GPR-based technology. To implement this method, GPR measurement and simulation approaches were conducted. In measurement, the GPR device transmits an electromagnetic wave through the pavement material to measure its density. The density is linearly related to a measured return/returned signal in power and can be determined by comparing to a created database. The GPR mixture model is used as a simulation results and then it will be compared with measurement results as well as to optimize the best GPR mixture model with lowest mean relative error.
GPR MIXTURE MODEL
The three GPR mixture models used are Nelson, Landau and Lichtenecker mixture models. The relative error between measurement and these three models has been calculated to show the performance of each model. The models are as follows:
Nelson mixture model by Nelson and You [7] :
Landau mixture model by Landau, Lifshitz and Looyenga [8] :
Lichtenecker mixture model by Lichtenecker [7] :
The notation used here are applied to the three component mixtures where  represent the complex permittivity of the mixture, 1  , 2  and 3  are the permittivity of the medium 1,  is a permeability. Figure 1 shows the phenomenon of using this model in GPR environment. 
GPR MEASUREMENT SETUP AND PROCEDURE
In this set up, the distance between horn antenna and sample was fixed in between each other, about 0.3 m height. The antenna used in this study is horn antenna. The effect of container was considered by addition of container attenuation. The GPR measurement system was set up as shown in Figure 2 .
Fig. 2. GPR Measurement setup
In measurement part, the horn antenna would sends many electromagnetic waves into the pavement slab sample, then spectrum analyzer will record the received signal strength or received power in dBm and it will be converted to measured attenuation as equation (6) for graph analysis.
Where Pi is the received power while Po is the transmitted power in watt.
RESULTS AND DISCUSSION
In measurement part, the analysis of received signal strength for nine road pavement slabs at four frequencies has been done. In this paper, only the lowest frequency of result as in Figure 3 is shown since it is as found the most appropriate frequency compared with the others. Figure 3 , it was observed that the highest density of road pavement slab causes the lowest received signal strength when compared with the other lower density of slab samples. This is because the highest density of slab absorbs more energy of electromagnetic from the horn antenna than the lower density. The lowest of received signal strength causes the higher attenuation and it also happened for high frequency. The reason is that there is a possibility that the higher frequency led to the lower wavelength resulting the poor penetration [9] . The comparison between measured attenuation from measurement and predicted attenuation from the three GPR mixture models is shown as in Figure 4 . and three GPR mixture models Figure 4 shows the relationship between attenuation and density by using three GPR mixture models that are compared with measured data for nine road pavement slabs. It can be clearly seen that the different GPR mixture models produces different results. The Lichtenecker mixture model looks very close to the measurement compared with the other models and the Landau mixture model looks better than Nelson mixture model. Besides, it was observed that these three GPR mixture models increase with increasing density. In other words, high density would produce high attenuation and this is valid for all frequencies.
In addition of the GPR data analysis, the relative error between measurement and these three GPR mixture models has been calculated. The purpose of this technique is to see the performance of each GPR mixture model as well as to determine the best GPR mixture model for optimization. From the result, it is found that the relative error for Lichtenecker mixture model is the smallest among Landau and Nelson mixture model which has value within 1.5 % and 2.4 %. The lowest relative error shows the good agreement between measured and predicted attenuation. Thus, this Lichtenecker mixture model will be used as a selected and reference models for calculation of attenuation and optimization process for further GPR data analysis in this paper. Table 1 . Relative error of attenuation between measurement and three GPR mixture models
OPTIMIZATION TECHNIQUE
Based on equations (3) and (4), the comparisons of measurement and theoretical have been done and Lichtenecker mixture model is more appropriate. But, the equation of attenuation can be more accurate if we optimize the equation using suitable optimization technique.
To determine which variable are suitable to fit, the sensitivity analysis is the suitable method and attenuation constant,  is suitable to fit because this variable is affected by density. During measurement, the thickness of road pavement sample t, was fixed at 0.05m and therefore it is not too important in this case. Thus, the variable  is most suitable to fit so as to get the new predicted attenuation data. Using this optimization technique, one new parameter has been added to the attenuation constant. (7) where A, t, x1 are predicted attenuation, thickness of road pavement sample and additional constant, respectively. The value of x1 is introduced into equation (7) to get another new set of data of attenuations, A. Then, it will be compared to the set of data before optimization. Besides, the least square curve fitting approach was carried out to produce the best fitting line through the measured data with Lichtenecker mixture model. Based on trial and error, the Lichtenecker mixture model is improved by introducing a new constant parameter of x2 and x3 as following; 3 ln 2 ln ln ln ln
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The calculation was realized using the MATLAB lsqcurvefit command [9] . The parameters of x1, x2 and x3 are introduced as attenuation factor, volume factor and permittivity factor in this paper and it is one of the contributions in this work. From the least squares routine, x1, x2 and x3 were found to be -4.1628, -0.7569 and 0.3435 respectively. Similarly, substitutions values of x1, x2 and x3 into equation (7) and (8) 
The result of predicted attenuation before optimization (Lichtenecker mixture model) and after optimization based on measurements are compared and shown in Figure 5 . 3 , the values are 38.5 dB 36.5 dB, and 37.5 dB for measurement, before optimization and after optimization, respectively. It can be investigated that the value after optimization, 37.5 dB is very close with measurement value, 38.5 dB than the value before optimization, 36.5 dB. This is because the GPR mixture model was improved successfully by using suitable optimization technique in order to produce the best new GPR mixture model. This is also found valid for all frequencies.
Additionally, the relative error value is also analyzed in order to see the performance between before and after optimization of the mixture model. As expected, it is found that the relative error for after optimization is also less than before optimization. This is due to the additional parameters on the attenuation constant and model equation. As example, the result at frequency 1.7 GHz, mean relative error value 2.486 % and 1.929 % are obtained for before and after the optimization respectively. This is because most of the values after optimization are very close with measured data compared with before optimization. The closest data produces the lowest mean relative error as well as showing good agreement between optimized and measurement data. This is valid for all frequencies of the results. Thus, it can be concluded that the optimization technique was successfully done and it can give a good solution to improve the GPR mixture model. 
CONCLUSION
The performance of the GPR mixture model as a simulation result was tested and it is found that it is suitable for this work especially in GPR data testing. The Lichtenecker Mixture Model was chosen to predict the attenuation due to the different densities of sample since the error between measurement and simulation is smallest than value of the other GPR mixture models. Optimization technique to improve the result according to attenuation formula has been done successfully and the error between measurement and theoretical is smaller than before optimization. The main contribution in this paper is the development of GPR system and the improvement of an available predicted GPR mixture model from optimization process as well as to determine the density of a given real road pavement sample. In future development, the optimized GPR mixture model from this work can be used for further GPR research that is capable to characterize more properties of road pavement sample. Finally, the calibration curve of optimized GPR mixture model which involved parameters of attenuation and density was obtained successfully in this work and can be used to predict the density of a given real road pavement sample.
